INTRODUCTION
Theoretical expressions relating alpha d.ecay rate and energy 1 2 were first derived by Gamow and Gurney and Condon. The relationships hold best for even-even alpha emitters. Perlman, Seaborg, and Ghiorso 3 in their alpha systematics have pointed out large and erratic hindrance in odd types.
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Nordstrom has plotted distributions of hindrance factors in an attempt to compare "forbiddenness" in alpha decay in a manner similar to log ft values in beta decay. We have made hindrance facto'r plots for all observed alpha groups emitted from nuclei with greater than:_l28 neutrons in an attempt to establish correlations.
BASIS OF CALCULATIONS
Even-Even Nuclei -Ground State Transitions .
-l/2 From this ~elationship between log t 1 ; 2 , and E the "hindrance"
of an alpha particle is seen as the deviation from the curves. The alpha decay energy is then taken as the independent variable, and the hindrance factor is defined as the ratio of the experimental partial alpha half-life to that predicted from the curves.
The primary problem in this correlation, therefore, was to determine the lines which would serve as the basis for the calculations. This was done by the method of weighted least squares analyses on the ground state to ground state decay of even-even nuclei. The solid lines in The weighting consisted of giving spectroscopically determined alpha energies double weight as compared to ion chamber energy measurements. The solid triangles in Fig. l All partial alpha half-lives were obtained using half-lives, alpha branching ratios, and alpha particle abundances listed in the Table   7 penetration, yet, interestingly enough, the elements where these changes are greatest, i.e. radium, thorium, and uranium, have the best-behaved slopes. The slopes should also be influenced by variations in the alpha formation probability entirely apart from the external barrier penetration factor.
Even-Even Nuclei -Excited State Transitions
In contrast to the regularly behaving ground state transition rates, the transitions to excited states show striking trends in rate for different nuclei.
For the elements thorium and above, alpha decay is often observed to at least three levels (0+, 2+, and 4+), identifiable as a rotational -8-
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We do not expect to illustrate any trends with the 0+ hindrances, but the high hindrances of the lightest isotopes of polonium, emanation, and plutonium and the slight depression at 142 neutrons are of interest.
I
The variation observed for the curium and californium isotopes is explained by the manner, previously mentioned, in which the lines for.tpese elements in Fig. l were determined.
The dependence upon neutron number of decay to the first excited state (2+) reflects the ground state transition probability and appears relatively unhindered, although there is some increase among the heaviest isotopes.
Of very great interest is the dependence of decay to the second excited state (4+) upon Nand z. It can easily be seen from Fig. 7(c) ,thatthe hindrance factors for the second state vary with Z and pass through a maximum at Z = 96. However, also notable is the apparent neutron dependence of isotopes, as manifested by the apparent maxima in the 4+ curves of thorium and uranium. The 1-states apparently follow the behavior of the 4+ states.
The relative intensities of decay groups to the even parity states have been considered by a number of authors in connection with spheroidal alpha decay theorl~, but will not be discussed here.
Odd-Nucleon Alpha Emitters
In contrast to the regular behavior of even-even alpha decay rates, nuclei with odd nucleon numbers often exhibit erratic alpha decay rates, tending generally to be slower than comparable even-even alpha emitters.
Perlman, Ghiorso, and SeaborJ have clearly pointed out that the hindrance must be associated with a lowered alpha formation probability rather than with the higher external barrier resulting from non-zero angular momentum.
-9-UCRL-3176
29
The details regarding this hindrance an~ not well understood. _Rasmussen-and Bohr, Frtlman, and Mottelson 3 Q have,selected and discussed a few special cases exhibiting little or no hindrance.
To obtain the bases for calculation of these hindrance factors for odd Z nuclei the slopes shown in Fig. 1 The distributions of these hindrance factors for the various nuclear types are shown in Fig, 8 (odd-even), Fig. 9 (even-odd), and For the odd-even types in the rotational band region, most of the cases in the highest hindered group probably involve a change in parity in alpha decay. This fact is inferred from the apparent "favored" nature of some of the transitiomin the same nuclei, with the levels showing the high hindrance connected to the favored levels by El gamma transitions, which signify a ,parity difference, Thus we suggest the possibility that parity change is a major hindering factor in alpha decay of odd mass nuclei. Examination of other odd-even alpha transitions possibly involving a parity change indicates that the alpha transition may generally be hindered in such cases but that the hindrance associated with ,the parity change becomes less at atomic numbers below 95.
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For the even-odd types in the rotational band region one again observed a separate group of hindered cases for log hindrance factor from 2,0 to 3.5. Here, however, we may infer that at least two cases (in the decay of Cm 243 ) probably involve no parity change. This inference may be drawn from the probable presence of a "favored" alpha transition in Cm 24 3
and the connection between favored and hindered states by Ml gamma transitions.
CONCLUSION
The data presented here represent all that are available at present on alpha decay rates. We have attempted, by presenting them in the form of hindrance factor histograms, to illustrate the distribution of the deviations from simple. theory. We hope that the presentation of the data in this form can serve as a useful reference for further studies; These least sq_uare fits were used to calculate hindrance factors. Solid circles represent .data that were not used in the least sq_uares analyses. 
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